Permeabilization of the mitochondrial outer membrane during apoptosis is regulated by interactions between BCL-2 proteins, including tBid, Bax and Bcl-xL. The anti-apoptotic member Bcl-xL exists in at least three states: a water-soluble cytosolic state, a membrane anchored state with a C-terminal helix acting as the anchor, and a membrane inserted state. Different factors have been suggested to modulate Bcl-xL membrane interactions, including interactions with lipids and others members of the Bcl-2 family, and pH. However, the combined effect of these factors has not been studied systematically. In this study we have used different fluorescence-based methods to determine how different lipids and tBid modulate the pH-triggered membrane interactions of BCL-xL. FRET measurements between donor labeled protein and acceptor labeled LUVs were used to study membrane anchoring. Our results show that full-length BCL-xL is capable of anchoring to negatively charged bilayers at neutral pH, with higher levels observed under higher membrane electrostatic potential. The addition of tBid into the system caused a small reduction in the free energy of protonation of Bcl-xL membrane association. The pH-mediated insertion of Bcl-xL was monitored by placing the environment sensitive probe NBD at the middle of helix a6. We determined that the insertion/refolding of BCL-xL in the membrane follows the same lipid dependence trend as its initial anchoring step. In this case, however, interaction with tBid caused a much larger decrease on the free energy of protonation of Bcl-xL. We conclude that the tBid dependent modulation of BCL-xL activity is mostly performed in the membrane by preventing the formation of the membrane-inserted conformation of Bcl-xL, and less in restricting its membrane anchoring. We show that BCL-xL lipid interactions could be directly and indirectly controlled by changes in membrane lipid composition during apoptosis.
Permeabilization of the mitochondrial outer membrane during apoptosis is regulated by interactions between BCL-2 proteins, including tBid, Bax and Bcl-xL. The anti-apoptotic member Bcl-xL exists in at least three states: a water-soluble cytosolic state, a membrane anchored state with a C-terminal helix acting as the anchor, and a membrane inserted state. Different factors have been suggested to modulate Bcl-xL membrane interactions, including interactions with lipids and others members of the Bcl-2 family, and pH. However, the combined effect of these factors has not been studied systematically. In this study we have used different fluorescence-based methods to determine how different lipids and tBid modulate the pH-triggered membrane interactions of BCL-xL. FRET measurements between donor labeled protein and acceptor labeled LUVs were used to study membrane anchoring. Our results show that full-length BCL-xL is capable of anchoring to negatively charged bilayers at neutral pH, with higher levels observed under higher membrane electrostatic potential. The addition of tBid into the system caused a small reduction in the free energy of protonation of Bcl-xL membrane association. The pH-mediated insertion of Bcl-xL was monitored by placing the environment sensitive probe NBD at the middle of helix a6. We determined that the insertion/refolding of BCL-xL in the membrane follows the same lipid dependence trend as its initial anchoring step. In this case, however, interaction with tBid caused a much larger decrease on the free energy of protonation of Bcl-xL. We conclude that the tBid dependent modulation of BCL-xL activity is mostly performed in the membrane by preventing the formation of the membrane-inserted conformation of Bcl-xL, and less in restricting its membrane anchoring. We show that BCL-xL lipid interactions could be directly and indirectly controlled by changes in membrane lipid composition during apoptosis. Human apoA-I is an anti-atherogenic protein circulating in plasma. The protein is a single polypeptide of 243 amino acid residues, and is the major protein component of high density lipoprotein. The three-dimensional structure of the protein remains unknown, however, secondary structure analysis revealed that apoA-I is predominately a-helical in nature. The N-terminal (NT) domain is made of a bundle of amphipathic a-helices, while the structure of the C-terminal (CT) domain is less defined. Lipid-free apoA-I exists as a heterogeneous population of oligomers. The CT domain is responsible for oligomerization, and several critical lysine residues that may be responsible for oligomerization have been identified. Site-directed mutagenesis was used to design a series of mutant proteins in which lysine residues of the CT domain were changed into glutamine (K195, K206, K208, K226, K238, and K239). The proteins were over-expressed in Escherichia coli and purified with Ni-affinity and gel filtration chromatography. Circular dichroism analysis showed that the helical content and midpoint of guanidine denaturation was not affected by the amino acid changes. Crosslinking with dimethylsuberimidate and size-exclusion FPLC showed that the extent of oligomerization of apoA-I decreased incrementally with each lysine substitution. The lysines of CT-apoA-I may form ionic bonds with oppositely charged residues in neighboring apoA-I. E234 and E235 are in close proximity to K238 and K239, and may form intermolecular ionic bonds upon self-association. To test this, E234 and E235 were mutated to glutamine. These mutant proteins retained their secondary structure and stability properties were not changed. However, the amount of cross-linking was significantly reduced. This result indicates that both lysine and glutamate residues in CT-apoA-I are critical residues responsible for self-association. Therefore, the glutamine variants will be excellent candidates to obtain the high-resolution structure of the protein.
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Examining Properties of the C-Terminal Domain of Human Apolipoprotein A-I Utilizing a Chimeric Apolipoprotein Rachel A. Ellena, James V.C. Horn, Jesse Tran, Vasanthy Narayanaswami, Paul M. Weers. Chemistry and Biochemistry, CSULB, Long Beach, CA, USA. Human apolipoprotein A-I (apoA-I) is a 28 kDa exchangeable apolipoprotein that constitutes the primary protein of high density lipoprotein and plays a vital role in reverse cholesterol transport. ApoA-I comprises two structural domains: an a-helical N-terminal domain (NT, residues 1-189) and a less structured C-terminal domain (CT, . To evaluate the properties of the CT domain of apoA-I independently from the NT domain, a chimeric apolipoprotein was engineered in which residues 179-243 of apoA-I were attached to apolipophorin III (apoLp-III). ApoLp-III is a well-characterized insect apolipoprotein with a one domain structure composed of a bundle of a-helices. Two cysteine residues were introduced in apoLp-III to control opening of the helix bundle. ApoLp-III is monomeric but cross-linking studies with dimethyl suberimidate showed that the chimera self-associates similar to apoA-I. Far UV circular dichroism showed that the chimera displayed less a-helical content compared to apoLp-III, which is consistent with the addition of a less structured domain. Denaturation analysis using guanidine HCl showed that the stability of the chimera increased compared to apoLp-III. Functional analysis showed that the chimera was able to solubilize phospholipid vesicles at a faster rate than apoLp-III and that the percent calcein released from large unilamellar vesicles made of phosphatidylglycerol was substantially higher. Oxidized chimera protected LDL from phospholipase C-induced aggregation to a similar extent as apoLp-III but was far superior in its reduced state. Since the attachment of the CT domain of apoA-I to apoLp-III resulted in oligomerization and enhanced lipid binding, this demonstrated that these properties reside in the CT domain of apoA-I, and were transferable to an unrelated apolipoprotein. This demonstrates the potential to use the chimera as a tool to study the CT domain of apoA-I.
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Contribution of Low-Affinity Sites to Strong Multivalent Protein-Membrane Binding: Detection using Single-Molecule TIRF Microscopy Marissa DeLima, Daniel T. Giardina, Jefferson Knight. University of Colorado, Denver, CO, USA. Biomolecular interactions such as interfacial protein-membrane binding are often the cumulative effect of multivalent attractions. We have shown that the stoichiometry of peripheral protein-membrane interactions can be measured based on single-molecule diffusion using supported lipid bilayers.
Here we apply this technique to granuphilin, a synaptotagmin-like protein containing tandem membrane-targeting C2 domains, C2A and C2B. Granuphilin C2A binds simple lipid membranes containing anionic lipids such as phosphatidylserine (PS), but C2B affinity for PS is undetectable using standard protein-membrane binding approaches. Here, we set out to determine the PS affinity of C2B based on a comparison of the diffusion rates of the C2A domain and the C2AB tandem on supported lipid bilayers composed of phosphatidylcholine (PC) and PS. Total internal reflection florescence (TIRF) microscopy with single particle tracking was used to identify diffusion constants of each individual or tandem C2 domain. Granuphilin C2A displays a lateral diffusion constant of~2 mm2/s when bound to 1:1 DOPC:DOPS bilayers, comparable to other C2 domains. However, the diffusion of the granuphilin C2AB tandem on the same membrane is significantly slower; suggesting substantial PS contacts for the C2B domain within the C2AB tandem. This effect represents a weak but potentially physiologically relevant interaction that influences the membrane-bound state of this strong membrane binding protein. In a separate experiment, we also show that the diffusion of the individual C2A domain decreases significantly in the presence of 2% phosphatidylinositol-(4,5)-bisphosphae (PIP2), suggesting separate binding sites for these two lipid ligands. Overall, single-molecule tracking can reveal membrane-binding states that are difficult to detect with traditional ensemble approaches.
1271-Pos Board B248 Structural Effects of High Hydrostatic Pressure on Human Low Density
Lipoprotein Revealed by Small Angle X-ray and Neutron Scattering Bernhard Lehofer 1 , Maksym Golub 2 , Karin Kornmueller 1 , Manfred Kriechbaum 3 , Nicolas Martinez 2 , Heinz Amenitsch 3 , Judith Peters 2 , Ruth Prassl 1 . 1 Institute of Biophysics, Medical University of Graz, Graz, Austria, 2 Institut Laue-Langevin, Grenoble, France, 3 Institute of Inorganic Chemistry, Graz University of Technology, Graz, Austria. Low-density lipoprotein (LDL) is the principal cholesterol transporter in the human blood circulation. The quasi-spherical LDL particles (~20 nm) are made up of a complex combination of various lipids and a large single amphipathic protein moiety, named apolipoprotein B-100. LDL has a hydrophobic core and an amphiphilic shell. Each particle has a specific phase transition temperature (T m ) corresponding to the melting of the core lipids from an ordered liquid crystalline to a disordered fluid phase.
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